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METHODS FOR FORMING SMALL CONTACTS 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to semiconductor devices and, more 

particularly, to methods for forming small contacts for metal-oxide semiconductor field-effect 

transistor (MOSFET) devices. 

BACKGROUND OF THE INVENTION 
[0002] Scaling of device dimensions has been a primary factor driving improvements in 
integrated circuit performance and reduction in integrated circuit cost. Due to limitations 
associated with gate-oxide thicknesses and source/drain (S/D) junction depths, scaling of 
existing bulk MOSFET devices below the 0.1 jam process generation may be difficult, if not 
impossible. New device structures and new materials, thus, are likely to be needed to improve 
MOSFET performance. 

[0003] One factor that limits the size of MOSFET devices is the size of the contacts. For 
example, transistors typically have several contact holes associated with the source, drain, and 
gate. The size of the contact holes partially determines the size of the transistors. This also 
holds true for Static Random Access Memory (SRAM) cells and flash memory cells. In fact, the 
contact size affects the cell size of almost every semiconductor technology. By shrinking the 
contacts, the size of the MOSFET devices may be reduced. 

[0004] Another factor that affects the size of MOSFET devices is contact pitch (i.e., the 
spacing between contacts). The contact pitch is usually limited by lithography. 
[0005] Existing processes for forming contacts include lithography techniques, where 
contact openings are printed in a photoresist, followed by an etch process to transfer the opening 
to the contact level. It is usually difficult to print small contacts by lithography (i.e., using small 
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holes in the reticle and low exposure energy) since this leads to a small and usually 
unmanufacturable lithography process window in terms of exposure and process latitude. It is, 
therefore, advantageous to be able to print the actual contact hole at a larger size 
lithographically, but use an appropriate shrink technique in order to reduce the dimension of the 
eventual contact. Other techniques include a spacer-based contact shrinking technique and a 
Resolution Enhancement of Lithography by Assist of Chemical Shrinkage (RELACS) technique. 
The formation of small contacts (e.g., less than 100-140 nm), however, is difficult to achieve 
using existing techniques. 

SUMMARY OF THE INVENTION 
[0006] Implementations consistent with the principles of the invention provide methods for 
forming small contacts (e.g., contacts less than approximately 100-140 nm) using an image 
reversal technique. 

[0007] In one aspect consistent with the principles of the invention, a method for forming a 
contact for a semiconductor device is provided. The method includes depositing a polysilicon 
material over the semiconductor device; oxidizing at least a portion of the polysilicon material to 
form an oxide; etching at least one of the oxide and the polysilicon material to form a contact 
hole; and filling the contact hole to form the contact for the semiconductor device. 
[0008] In another aspect, a method for forming a contact for a semiconductor device is 
provided. The method includes forming an interlayer dielectric on the semiconductor device; 
depositing a nitride layer over the interlayer dielectric; polishing the nitride layer to expose a 
portion of the interlayer dielectric; forming a contact hole through the exposed portion of the 
interlayer dielectric; and filling the contact hole to form the contact for the semiconductor 
device. 
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[0009] In yet another aspect, a method for forming a contact for a semiconductor device is 
provided. The method includes depositing a polysilicon material over the semiconductor device; 
depositing an oxide material on the polysilicon material; etching the oxide material to leave a 
portion of the oxide material; removing the portion of the oxide material; forming a contact hole 
through the first polysilicon material at a location of the removed portion of the oxide material; 
and filling the contact hole to form the contact for the semiconductor device. 
[0010] In a further aspect, a method for forming a contact for a semiconductor device is 
provided. The method includes depositing a carbon material over the semiconductor device; 
etching the carbon material to leave a portion of the carbon material; depositing a nitride 
material; forming a contact hole by removing the portion of the carbon material; and filling the 
contact hole to form the contact for the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate an embodiment of the invention and, together with the description, 
explain the invention. In the drawings, 

[0012] Fig. 1 illustrates an exemplary process for forming small contacts on a semiconductor 
device in an implementation consistent with the principles of the invention; 
[0013] Figs. 2-6 illustrate exemplary cross-sectional views of a semiconductor device 
fabricated according to the processing described with respect to Fig. 1 ; 

[0014] Fig. 7 illustrates an exemplary process for forming small contacts on a semiconductor 
device in another implementation consistent with the principles of the invention; 
[0015] Figs. 8-13 illustrate exemplary cross-sectional views of a semiconductor device 
fabricated according to the processing described with respect to Fig. 7; 
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[0016] Fig. 14 illustrates an exemplary process for forming small contacts on a 
semiconductor device in yet another implementation consistent with the principles of the 
invention; 

[0017] Figs. 15-19 illustrate exemplary cross-sectional views of a semiconductor device 
fabricated according to the processing described with respect to Fig. 14; 
[0018] Fig. 20 illustrates an exemplary process for forming small contacts on a 
semiconductor device in a further implementation consistent with the principles of the invention; 
[0019] Figs. 21-25 illustrate exemplary cross-sectional views of a semiconductor device 
fabricated according to the processing described with respect to Fig. 20; 

[0020] Figs. 26-28 illustrate an exemplary process for forming a double gate MOSFET with 
asymmetric polysilicon gates; and 

[0021] Figs. 29-3 1 illustrate an exemplary process for using a silicon rich nitride (SRN) 
polish to planarize the surface of a semiconductor device to facilitate fin gate patterning. 



DETAILED DESCRIPTION 
[0022] The following detailed description of implementations consistent with the present 
invention refers to the accompanying drawings. The same reference numbers in different 
drawings may identify the same or similar elements. Also, the following detailed description 
does not limit the invention. Instead, the scope of the invention is defined by the appended 
claims and their equivalents. 

[0023] Implementations consistent with the principles of the invention provide methods for 
forming small contacts (e.g., contacts less than approximately 100 nm) using, for example, an 
image reversal technique. Such small contacts permit the size of semiconductor devices, such as 
flash memory devices, SRAM devices, and transistors, to be reduced. 
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[0024] Fig. 1 illustrates an exemplary process for forming small contacts on a semiconductor 
device in an implementation consistent with the principles of the invention. Figs. 2-6 illustrate 
exemplary cross-sectional views of a semiconductor device fabricated according to the 
processing described with regard to Fig. 1 . 

[0025] With reference to Figs. 1 and 2, processing may begin with semiconductor device 
200. Semiconductor device 200 may include a buried oxide layer 210 and a source, drain, and/or 
gate (S/D/G) 220 formed on buried oxide layer 210. S/D/G 220 may be formed on buried oxide 
layer 210 using any conventional technique. While element 220 is shown to be a source, drain, 
and/or gate, element 220 may be any material (e.g., any active material) that is to be contacted. 
[0026] As illustrated in Fig. 2, an interlayer (or interlevel) dielectric (ILD) 230 may be 
formed on semiconductor device 200 (act 110). An oxide (e.g., Si0 2 ) or a nitride (e.g., Si 3 N 4 ), 
or another type of dielectric material, may be used as ILD 230. The dielectric material may be 
deposited to a thickness of approximately 2000 A to 4000 A to cover S/D/G 220, or at least the 
portion of S/D/G 220 to be contacted. ILD 230 may then be polished using, for example, a 
conventional polishing technique, such as chemical-mechanical polishing (CMP). 
[0027] A polysilicon material (poly) 240 may then be deposited on ILD 230 (act 120) 5 as 
illustrated in Fig. 2. Polysilicon material 240 may include a polysilicon or an amorphous silicon 
material, or some other type of silicon-based material. Polysilicon material 240 may be 
- deposited to a thickness ranging from about 500 A to 1000 A. 
[0028] A bottom antireflective coating (BARC) layer 250 may be formed on polysilicon 240 
(act 120), as illustrated in Fig. 2. For example, a silicon-rich nitride (SiRN) material, or another 
type of material (e.g., another type of nitride), may be applied to polysilicon 240 using a 
conventional technique, such as a spin-on or chemical vapor deposition (CVD) technique. 
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BARC layer 250 may be formed to a thickness of approximately 200 A to 350 A on polysilicon 
material 240. 

[0029] A photoresist 260, or the like, may be deposited and patterned to facilitate formation 
of the contacts (act 120), as shown in Fig. 2. Photoresist 260 may include any conventional 
photoresist material and may be deposited on BARC 250 to a thickness ranging from about 2000 
A to 4000 A. The width of photoresist 260, as shown in Fig. 2, may range from about 2000 A to 
2500 A. 

[0030] Photoresist 260 may then be trim etched, using a conventional technique, to narrow 
the width of photoresist 260 (act 130), as illustrated in Fig. 3. The width of photoresist 260 after 
the trim etch may range from about 1000 A to 1400 A. 

[0031] As illustrated in Fig. 3, BARC 250 may be etched using any conventional technique 
(act 130). For example, BARC 250 may be etched to remove BARC 250 from over polysilicon 
240, except that portion of BARC 250 under photoresist 260, as illustrated in Fig. 3. The 
remaining width of BARC 250 after the etch may range from about 1000 A to 1400 A. 
Photoresist 260 may then be stripped using any conventional technique (act 130). 
[0032] A thermal oxidation process may be performed to oxidize the exposed portions of 
polysilicon 240 (act 140). As illustrated in Fig. 4, a layer of silicon dioxide (Si0 2 ) 410 may be 
formed on polysilicon 240 as a result of the thermal oxidation. Silicon dioxide 410 may 
penetrate into polysilicon 240 as a result of the thermal oxidation. The thickness of silicon 
dioxide layer 410 may range from approximately 150 A to 300 A. BARC 250 may then be 
removed using a conventional technique (act 140), such as using hot phosphoric acid. 
[0033] Polysilicon 240 may be etched using silicon dioxide 410 as a mask (act 150). 
Excellent selectivity may be achieved in this etching process by using plasma chemistries, such 
as HBr/C>2, resulting in minimal loss of silicon dioxide 410. As illustrated in Fig. 5 by dotted 
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lines 510 and 520, the etching of polysilicon 240 may cause the removal of some of silicon 
dioxide 410 and may terminate at ILD 230. ILD 230 may then be etched using polysilicon 240 
as a mask (act 160). Excellent selectivity of oxide to silicon can be attained by using 
chemistries, such as CHF 3 /CF4/Ar or C 4 F8/0 2 /Ar, which essentially do not attack polysilicon, but 
etch oxide at a fast rate. As illustrated in Fig. 5, the etching of DLD 230 may form a contact hole 
530 that extends to S/D/G 220. The width of contact hole 530, as illustrated in Fig. 6, may range 
from about 1000 A to 1400 A. 

[0034] As illustrated in Fig. 6, a barrier layer 610 may then be formed on side surfaces of 
hole 530 (act 170). A metal (e.g., titanium nitride), or another type of conductive material (e.g., 
tantalum nitride), may be used as barrier layer 610. Barrier layer 610 may be deposited or 
otherwise formed on the side surfaces of hole 530 to a thickness ranging from about 100 A to 
200 A. 

[0035] As illustrated in Fig. 6, a tungsten plug 620 may then be formed within hole 530 (act 
170). For example, a tungsten material, or another suitable contact material, such as copper or 
aluminum, may be deposited to fill hole 530. A polishing process, such as CMP, may then be 
performed to planarize semiconductor device 200. For example, the polishing process may serve 
to remove any remaining polysilicon 240 from over ILD 230. 

[0036] The resulting semiconductor device 200 may include one or more small contacts 
(e.g., contacts having a size smaller than about 100-140 nm). While the above description 
details a process for forming a single contact, one skilled in the art would recognize that the 
process can be extended to form more than one contact to any material to be contacted. 
[0037] Fig. 7 illustrates an exemplary process for forming small contacts on a semiconductor 
device in another implementation consistent with the principles of the invention. Figs. 8-13 
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illustrate exemplary cross-sectional views of a semiconductor device fabricated according to the 
processing described with regard to Fig. 7. 

[0038] With reference to Figs. 7 and 8, processing may begin with semiconductor device 
800. Semiconductor device 800 may include a buried oxide layer 810 and a source, drain, and/or 
gate (S/D/G) 820 formed on buried oxide layer 810. S/D/G 820 may be formed on buried oxide 
layer 810 using any conventional technique. While element 820 is shown to be a source, drain, 
and/or gate, element 820 may be any material (e.g., any active material) that is to be contacted. 
[0039] As illustrated in Fig. 8, an interlayer (or interlevel) dielectric (ILD) 830 may be 
formed on semiconductor device 800 (act 710). An oxide (e.g., Si0 2 ) or a nitride (e.g., Si 3 N 4 ), 
or another type of dielectric material, may be used as ILD 830. The dielectric material may be 
deposited to a thickness of approximately 2000 A to 4000 A to cover S/D/G 820, or at least the 
portion of S/D/G 820 to be contacted. ILD 830 may then be polished using, for example, a 
conventional polishing technique, such as CMP. 

[0040] A BARC layer 840 may be formed on ILD 830 (act 720), as illustrated in Fig. 8. For 
example, a silicon-rich nitride (SiRN) material, or another type of material (e.g., another type of 
nitride), may be applied to ILD 830 using a conventional technique, such as a spin-on or CVD 
technique. BARC layer 840 may be formed to a thickness of approximately 200 A to 350 A on 
ILD 830. 

[0041] A photoresist 850, or the like, may be deposited and patterned to facilitate formation 
of the contacts (act 720), as shown in Fig. 8. Photoresist 850 may include any conventional 
photoresist material and may be deposited on BARC 840 to a thickness ranging from about 2000 
A to 4000 A. The width of photoresist 850, as shown in Fig. 8, may range from about 2000 A to 
2500 A. 



8 



PATENT 
Docket No. HI 124 



[0042] Photoresist 850 may then be trim etched, using a conventional technique, to narrow 
the width of photoresist 850 (act 730), as illustrated in Fig. 9. The width of photoresist 850 after 
the trim etch may range from about 1000 A to 1400 A. As illustrated in Fig. 9, BARC 840 and 
ILD 830 may be etched, using any conventional technique, to form a protrusion 910 beneath 
photoresist 850 (act 730), as illustrated in Fig. 9. The width of protrusion 910 after the etching 
may range from about 1000 A to 1400 A. The depth of protrusion 910 may range from about 
400 A to 800 A. Photoresist 850 may then be ashed using conventional techniques. 
[0043] As illustrated in Fig. 10, a layer of material, such as a nitride material 1010, may be 
formed on ILD 830 (act 740). Nitride layer 1010 may be formed using, for example, 
conventional deposition techniques and may surround protrusion 910 and BARC 840. The 
thickness of nitride layer 1010 may range from about 600 A to 1000 A. 
[0044] A portion of protrusion 910 and nitride layer 1010 may be polished (act 750), as 
illustrated in Fig. 1 1 . For example, a "buff 1 type nitride polishing technique may be used to 
planarize nitride layer 1010 and protrusion 910. As shown in Fig. 1 1, the polishing may serve to 
remove BARC 840. After polishing, protrusion 910 may extend about 400 A to 600 A above 
ILD 830 in the vertical direction of Fig. 11. 

[0045] The ILD material in protrusion 910 may then be etched using, for example, nitride 
layer 1010 as a mask (act 760). Chemistries selective to nitride, such as C4F 8 /CO/Ar or 
CHF 3 /Ar, may be used for the etching. As illustrated in Fig. 12, the etching of protrusion 910 
may form a contact hole 1210 that extends through ILD 830 to S/D/G 820. The width of contact 
hole 1210, as illustrated in Fig. 12, may range from about 1000 A to 1400 A. 
[0046] As illustrated in Fig. 13, a barrier layer 1310 may then be formed on side surfaces of 
hole 1210 (act 770). A metal (e.g., titanium nitride), or another type of conductive material (e.g., 
tantalum nitride), may be used as barrier layer 1310. Barrier layer 1310 may be deposited or 
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otherwise formed on the side surfaces of hole 1210 to a thickness ranging from about 100 A to 
200 A. 

[00471 As illustrated in Fig. 13, a tungsten plug 1320 may then be formed within hole 1210 
(act 770). For example, a tungsten material, or another suitable contact material, such as copper 
or aluminum, may be deposited to fill hole 1210. A polishing process, such as CMP, may then 
be performed to planarize semiconductor device 800. For example, the polishing process may 
serve to remove any remaining nitride layer 1010 from over ILD 830. 
[0048] The resulting semiconductor device 800 may include one or more small contacts 
(e.g., contacts having a size smaller than about 100-140 nm). While the above description 
details a process for forming a single contact, one skilled in the art would recognize that the 
process can be extended to form more than one contact to any material to be contacted. 
[0049] Fig. 14 illustrates an exemplary process for forming small contacts on a 
semiconductor device in yet another implementation consistent with the principles of the 
invention. Figs. 15-19 illustrate exemplary cross-sectional views of a semiconductor device 
fabricated according to the processing described with regard to Fig. 14. 

[0050] With reference to Figs. 14 and 15, processing may begin with semiconductor device 
1500. Semiconductor device 1500 may include a buried oxide layer 1510 and a source, drain, 
and/or gate (S/D/G) 220 formed on buried oxide layer 1510. S/D/G 1520 may be formed on 
buried oxide layer 1510 using any conventional technique. While element 1520 is shown to be a 
source, drain, and/or gate, element 1520 may be any material (e.g., any active material) that is to 
be contacted. 

[0051] As illustrated in Fig. 15, an ILD 1530 may be formed on semiconductor device 1500 
(act 1410). An oxide (e.g., S1O2) or a nitride (e.g., Si3N 4 ), or another type of dielectric material, 
may be used as ILD 1530. The dielectric material may be deposited to a thickness of 
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approximately 2000 A to 4000 A to cover S/D/G 1520, or at least the portion of S/D/G 1520 to 
be contacted. ILD 1530 may then be polished using, for example, a conventional polishing 
technique, such as CMP. 

[0052] A thin layer of polysilicon material (poly) 1540 may then be deposited on ILD 1530 
(act 1420), as illustrated in Fig. 15. Polysilicon material 1540 may include a polysilicon or an 
amorphous silicon material, or some other type of silicon-based material. Polysilicon material 
1540 may be deposited to a thickness ranging from about 100 A to 200 A. An oxide layer 1550 
may then be formed on polysilicon material 1540 using conventional techniques (act 1420), as 
illustrated in Fig. 15. Oxide layer 1550 may be formed to a thickness ranging from about 400 A 
to 600 A. 

[0053] A BARC layer 1560 may be formed on oxide layer 1550 (act 1420), as illustrated in 
Fig. 15. For example, a silicon-rich nitride (SiRN) material, or another type of material (e.g., 
another type of nitride), may be deposited on oxide layer 1550 using a conventional technique, 
such as a spin-on or CVD technique. BARC layer 1560 may be formed to a thickness of 
approximately 200 A to 350 A on oxide layer 1550. 

[0054] A photoresist 1570, or the like, may be deposited and patterned to facilitate formation 
of the contacts (act 1420), as shown in Fig. 15. Photoresist 1570 may include any conventional 
photoresist material and may be deposited on BARC 1560 to a thickness ranging from about 
2000 A to 4000 A. The width of photoresist 1570, as shown in Fig. 15, may range from about 
2000 A to 2500 A. 

[0055] Photoresist 1570 may then be trim etched, using a conventional technique, to narrow 
the width of photoresist 1570 (act 1430), as illustrated in Fig. 16. The width of photoresist 1570 
after the trim etch may range from about 1000 A to 1400 A. 
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[0056] As illustrated in Fig. 16, BARC 1560 and oxide 1550 may be etched using any 
conventional technique (act 1430). For example, BARC 1560 and oxide 1550 may be etched to 
remove BARC 1560 and oxide 1550 from over polysilicon 1540, except that portion of BARC 
1560 and oxide 1550 under photoresist 1570, as illustrated in Fig. 16. The remaining width of 
BARC 1560 and oxide 1550 after the etching may range from about 1000 A to 1400 A. 
Photoresist 1570 may then be stripped using any conventional technique. 
[0057] A selective polysilicon deposition may then be performed to deposit polysilicon 
material (poly) 1710 over polysilicon 1540 (act 1440), as illustrated in Fig. 17. Selective 
polysilicon deposition may be performed using typical chemistries, such as SiH 2 Cl2 + HC1. 
Polysilicon 1710 may not deposit on nitride BARC 1560. Even if BARC 1560 is removed 
previously, polysilicon 1710 may not deposit on oxide 1550. The thin layer of polysilicon 1540 
underneath may serve as a seed layer. Polysilicon 1710 may be formed to a thickness of about 
400 A to 600 A. Once polysilicon 1710 has been deposited, BARC 1560 and oxide 1550 may be 
removed using a conventional technique (act 1450), as illustrated in Fig. 17. The removal of 
BARC 1560 and oxide 1550 forms a gap 1720 that exposes a portion of polysilicon 1540. 
[0058] Polysilicon 1710/1540 may then be etched using a plasma etch technique to remove 
the portion of polysilicon 1540 from gap 1720 (act 1460), as illustrated in Fig. 18. This etching 
may also cause the removal of some of polysilicon 1710. ILD 1530 may then be etched using 
polysilicon 1710/1540 as a mask (act 1470). As illustrated in Fig. 18, the etching of ILD 1530 
may form a contact hole 1810 that extends to S/D/G 1520. The width of contact hole 1810, as 
illustrated in Fig. 18, may range from about 1000 A to 1400 A. 

[0059] As illustrated in Fig. 19, a barrier layer 1910 may then be formed on side surfaces of 
hole 1810 (act 1480). A metal (e.g., titanium nitride), or another type of conductive material 
(e.g., tantalum nitride), may be used as barrier layer 1910. Barrier layer 1910 may be deposited 
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or otherwise formed on the side surfaces of hole 1810 to a thickness ranging from about 100 A 
to 200 A. 

[0060] As illustrated in Fig. 19, a tungsten plug 1920 may then be formed within hole 1810 
(act 1480). For example, a tungsten material, or another suitable contact material, such as 
copper or aluminum, may be deposited to fill hole 1810. A polishing process, such as CMP, 
may then be performed to planarize semiconductor device 1500. For example, the polishing 
process may serve to remove any remaining polysilicon 1710/1540 from over ILD 1530. 
[0061] The resulting semiconductor device 1500 may include one or more small contacts 
(e.g., contacts having a size smaller than about 100-140 nm). While the above description 
details a process for forming a single contact, one skilled in the art would recognize that the 
process can be extended to form more than one contact to any material to be contacted. 
[0062] Fig. 20 illustrates an exemplary process for forming small contacts on a 
semiconductor device in a further implementation consistent with the principles of the invention. 
Figs. 21-25 illustrate exemplary cross-sectional views of a semiconductor device fabricated 
according to the processing described with regard to Fig. 20. 

[0063] With reference to Figs. 20 and 21, processing may begin with semiconductor device 
2100. Semiconductor device 2100 may include a buried oxide layer 21 10 and a source, drain, 
and/or gate (S/D/G) 2120 formed on buried oxide layer 2110. S/D/G 2120 may be formed on 
buried oxide layer 2110 using any conventional technique. While element 2120 is shown to be a 
source, drain, and/or gate, element 2120 may be any material (e.g., any active material) that is to 
be contacted. 

[0064] As illustrated in Fig. 21, an interlayer (or interlevel) dielectric (ILD) 2130 may be 
formed on semiconductor device 2100 (act 2010). An oxide (e.g., Si0 2 ) or a nitride (e.g., Si 3 N 4 ), 
or another type of dielectric material, may be used as ILD 2130. The dielectric material may be 

13 



PATENT 
Docket No. HI 124 

deposited to a thickness of approximately 2000 A to 4000 A to cover S/D/G 2120, or at least the 
portion of S/D/G 2120 to be contacted. ILD 2130 may then be polished using, for example, a 
conventional polishing technique, such as chemical-mechanical polishing (CMP). 
[0065] A carbon material 2140 may then be deposited on ILD 2130 (act 2020), as illustrated 
in Fig. 21. Carbon material 2140 may be deposited to a thickness ranging from about 600 A to 
1000 A. 

[0066] A BARC layer 2150 may be formed on carbon layer 2140 (act 2020), as illustrated in 
Fig. 21 . For example, a silicon-rich nitride (SiRN) material, or another type of material (e.g., 
another type of nitride), may be deposited on carbon 2140 using a conventional technique, such 
as a spin-on or CVD technique. BARC layer 2150 may be formed to a thickness of 
approximately 200 A to 350 A on carbon 2140. 

[0067] A photoresist 2160, or the like, may be deposited and patterned to facilitate formation 
of the contacts (act 2020), as shown in Fig. 21. Photoresist 2160 may include any conventional 
photoresist material and may be deposited on BARC 2150 to a thickness ranging from about 
2000 A to 4000 A. The width of photoresist 2160, as shown in Fig. 21, may range from about 
2000 A to 2500 A. 

[0068] Photoresist 2160 may then be trim etched, using a conventional technique, to narrow 
the width of photoresist 2160 (act 2030), as illustrated in Fig. 22. The width of photoresist 2160 
after the trim etch may range from about 1000 A to 1400 A. 

[0069] As illustrated in Fig. 22, BARC 2150 and carbon 2140 may be etched using any 
conventional technique (act 2030). For example, BARC 2150 and carbon 2140 may be etched to 
remove BARC 2150 and carbon 2140 from over ILD 2130, except that portion of BARC 2150 
and carbon 2 140 under photoresist 2160, as illustrated in Fig. 22. The remaining width of 
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BARC 2150 and carbon 2140 after the etching may range from about 1000 A to 1400 A. 
Photoresist 2160 may then be stripped using any conventional technique. 

[0070] As illustrated in Fig. 23, a nitride material 2310 may be deposited over ILD 2140 (act 
2040). Nitride material 2310 may be deposited to a thickness ranging from approximately 800 A 
to 1200 A. Nitride material 23 10 may then be polished, using, for example, CMP, to planarize 
nitride material 2310 at a level approximately equal to the top of BARC 2150. BARC 2150 may 
be consumed during the nitride polish to expose carbon 2140 in the hole. According to another 
implementation, BARC 2150 may be stripped before nitride material 2310 is deposited over 
carbon 2140. According to yet another implementation, BARC 2150 may be removed after the 
nitride polish. In any event, carbon 2140 may be removed after the nitride polish using 
conventional etching techniques (act 2050). 

[0071] ILD 2130 may then be etched using nitride 23 10 as a mask (act 2060). As illustrated 
in Fig. 24, the etching of ILD 2130 may form a contact hole 2410 that extends to S/D/G 2120. 
The width of contact hole 2410, as illustrated in Fig. 24, may range from about 1000 A to 1400 
A. 

[0072] As illustrated in Fig. 25, a barrier layer 25 10 may then be formed on side surfaces of 
hole 2410 (act 2070). A metal (e.g., titanium nitride), or another type of conductive material 
(e.g., tantalum nitride), may be used as barrier layer 2510. Barrier layer 2510 may be deposited 
or otherwise formed on the side surfaces of hole 2410 to a thickness ranging from about 100 A 
to 200 A. 

[0073] As illustrated in Fig. 25, a tungsten plug 2520 may then be formed within hole 2410 
(act 2070). For example, a tungsten material, or another suitable contact material, such as 
copper or aluminum, may be deposited to fill hole 2410. A polishing process, such as CMP, 



15 



PATENT 
Docket No. HI 124 



may then be performed to planarize semiconductor device 2100. For example, the polishing 
process may serve to remove any remaining nitride material 2310 from over ILD 2130. 
[0074] The resulting semiconductor device 2100 may include one or more small contacts 
(e.g., contacts having a size smaller than about 100-140 nm). While the above description 
details a process for forming a single contact, one skilled in the art would recognize that the 
process can be extended to form more than one contact to any material to be contacted. 

OTHER IMPLEMENTATIONS 
[0075] A double gate MOSFET with asymmetric polysilicon gates is described with regard 
Figs. 26-28. Figs. 26-28 illustrate an exemplary process for forming a double gate MOSFET 
with asymmetric polysilicon gates. As shown in Fig. 26, a semiconductor device 2600 may 
include a fin 2610 formed on a buried oxide layer 2620. Fin 2610 may be formed using one or 
more conventional etching techniques. A gate dielectric material 2630 may be formed or grown 
on side surfaces of fin 2610. A protective cover 2640 may be formed over fin 2610 and gate 
dielectric 2630. Cover 2640 may include a silicon nitride or another suitable material. 
[0076] A gate electrode material may then be deposited over semiconductor device 2600 and 
etched to form spacers 2650 and 2660 adjacent gate dielectric material 2630 on side surfaces of 
fin 2610, as illustrated in Fig. 26. Spacers 2650 and 2660 may then be doped using a tilt angle 
implant process. For example, n-type impurities, such as arsenic or phosphorous, may be 
implanted such that only a small percentage of the n-type impurities, if any, will reach spacer 
2660 as the majority of spacer 2660 will be shielded from the implantation by fin 2610 and cover 
2640. Next, p-type impurities, such as, for example, boron or BF 2 , may be implanted such that 
only a small percentage of the p-type impurities, if any, reach spacer 2650, as the majority of 
spacer 2650 will be shielded from the implantation by fin 2610 and cap 2640. After the tilt 
angle implant processes are complete, spacer 2650 includes silicon doped predominately with, or 
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only with, n-type impurities and spacer 2660 includes silicon doped predominately with, or only 
with, p-type impurities. 

[0077] An undoped polysilicon layer 2710 may be deposited over semiconductor 2600, as 
illustrated in Fig. 27. Polysilicon layer 2710 may then be silicided by depositing a metal, 
followed by an annealing to form a layer of silicided polysilicon material 2810, as illustrated in 
Fig. 28. The resulting semiconductor device is a double gate MOSFET with asymmetrical 
polysilicon gates. 

[0078] There is also a need in the art to improve step coverage during fin gate patterning. 
Figs. 29-31 illustrate an exemplary process for using a silicon rich nitride (SRN) to planarize the 
surface and facilitate gate patterning. As illustrated in Fig. 29, a semiconductor device 2900 may 
include a fin 2910 formed on a substrate. A polysilicon material 2920 may be deposited over the 
substrate to cover fin 2910. 

[0079] A SRN material 3010 may be deposited over the substrate to cover polysilicon 
material 2920 and fin 2910, as illustrated in Fig. 30. SRN material 3010 may then be polished 
using a conventional polishing technique (e.g., CMP) to planarize the surface to facilitate 
subsequent gate patterning associated with polysilicon 2920, as illustrated in Fig. 31. 

CONCLUSION 

[0080] Implementations consistent with the principles of the invention provide methods for 
forming small contacts (e.g., contacts less than approximately 100-140 nm) using, for example, 
an image reversal technique. Such small contacts permit the size of semiconductor devices, such 
as flash memory devices, SRAM devices, and transistors, to be reduced. 
[0081] The foregoing description of exemplary embodiments of the present invention 
provides illustration and description, but is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Modifications and variations are possible in light of the 
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above teachings or may be acquired from practice of the invention. 

[0082] For example, in the above descriptions, numerous specific details are set forth, such 
as specific materials, structures, chemicals, processes, etc., in order to provide a thorough 
understanding of implementations consistent with the present invention. These implementations 
and other implementations can be practiced, however, without resorting to the details 
specifically set forth herein. In other instances, well known processing structures have not been 
described in detail, in order not to unnecessarily obscure the thrust of the present invention. In 
practicing the present invention, conventional deposition, photolithographic and etching 
techniques may be employed, and hence, the details of such techniques have not been set forth 
herein in detail. 

[0083] While series of acts have been described with regard to Figs. 1,7, 14, and 20, the 
order of the acts may be varied in other implementations consistent with the present invention. 
Moreover, non-dependent acts may be implemented in parallel. 

[0084] No element, act, or instruction used in the description of the present application 
should be construed as critical or essential to the invention unless explicitly described as such. 
Also, as used herein, the article "a" is intended to include one or more items. Where only one 
item is intended, the term "one" or similar language is used. The scope of the invention is 
defined by the claims and their equivalents. 
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